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Abstract—This paper presents the high level architecture of a 

smart, modern, interactive laboratory-class called Smart 

Interconnected Interactive Classroom (SIIC). It describes the 

interoperability of telecommunication technologies, sensors and 

actuators over a virtual environment that enhances the learning 

process and experience. In the context of this work novel 

augmented and virtual services are outlined that can assist e-

Learning systems through virtual reality and real-time 

interactions. 
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I.  INTRODUCTION 

Educational Learning Management systems (LMS), are of 
high impact in terms of technology appliance and testing 
methodologies. Although the field of smart-Education has 
been scientifically established, it is currently in an embryonic 
2D data representational state. Contemporary LMS systems 
include components such as Forum, Wiki, knowledge surveys, 
tasks, document management, games, reporting that assist 
teaching process. These aggregations of services are part of 
the asynchronous LMS functionality, while the use of VoD 
services, and real-time, mobile audio-video course conducting 
services are part of the synchronous LMS functionality [13-
15]. In this paper the authors propose the incorporation of 3D 
virtual services in an LMS platform that will include both 
synchronous and asynchronous services into the virtual class. 
Furthermore, the proposed virtual class will utilize sensors and 
haptic equipment [11] together with state-of-the-art hardware 
implemetation and sensors in order to carry out augmented 
human sensing information and touch into the virtual class. 

Hence, based on the above, the application of technologies 
mentioned for the implementation of the proposed Smart 
Interconnected Interactive Classroom  (SIIC) constitutes an 
ambitious step and a perspective that will inaugurate progress 
in the first and second grade education [8-10]. The proposal of 
this paper must be fully aligned to software solutions 
accompanied by advanced hardware solutions that efficiently 
support the services provided. The proposed SIIC architecture 
is presented at section II. At section III, the authors outline 
proposed novel services and protocols that will embrace 
virtuality, while at section IV, the authors present 
considerations and implementation plan. 

Internet of Things (IoT), Big Data (BD) and cloud 
technologies are already well-established and have progressed 
rapidly, counting many years of life and scientific interest [1, 
3]. In the Cloud Services (CS) field, data compression and 
delay tolerant data representation is relatively more recently 
spread out because of the IoT technological outburst. 

Regarding the aforementioned technologies, starting with 
Cloud Computing (CC), it is consisted as a technology of 
internet services providing remote use of hardware and 
software. Thus, the users of CC could have access to 
information and data from any place at any time. CC in 
general, could be settled as a base technology to operate other 
technologies such as Internet of Things and Big Data. 
Moreover, we could realize that the basic idea of the IoT is the 
pervasive presence of a variety of things or objects used by 
people such as radio-frequency identification tags, sensors, 
actuators, and mobile phones. Finally, as regards the Big Data, 
we could define that it is a new popular term, used to describe 
the surprisingly rapid increase in volume of data in structured 
and unstructured form. BD usually uses Cloud Computing 
(CC) as a base technology in order to operate [1-3]. 



Wireless communications include technologies and 
equipment for data collection from wireless sensors, such as 
temperature, smoke, humidity, capacitive touch, and task 
instructed communication protocols such as streaming, real-
time, interactive, responsive and best effort. At this point, it 
should be noted that the sensor network efficiency must be 
carefully addressed as to ensure reliable data gathering. 
Hence, the network topology must comply to the location of 
the indoor-smart classroom user terminals and the main 
factors of signal degradation and attenuation. This aggregation 
of devices and specialized protocols connected to the Internet 
cloud and focused only to a specific user is part of the 
immersing revolution of cloud-oriented, multi-disciplinary 
user targeted services, named after the nickname smart [2]. It 
is a fact that concerning that state-of-the-art technology 
Greece is not highly ranked. Thus, as the transition to the 
state-of-the-art 5G networks is realized and specifically 
considering indoor application, the convergence of the 
aforementioned technologies combined with smart technology 
is at the center of scientific interest [5-7]. Moreover, 
contemporary BLE, LoRa and XBee low power networking 
technologies for sensory data acquisition are still not fully 
exploited. In addition, obsolete technologies of 2G/3G and 
SCADA-RTU/smart equipment communication protocols 
(DNP3, Modbus, Ethernet IP based IEC 61850, IEC60870, 
RS232/Parport EPICS). Even SCADA systems nowadays, 
with the development of IoT and cloud technology are moving 
towards that adoption. 

Virtual reality is a known scientific area of high interest. 
Combined with the Haptic sense and haptic protocols for 
haptic data transfer via Internet, the proposed system will 
provide capabilities of conducting experiments in courses such 
as Physics and using on-line applications in an interactive 
distance learning [11, 12]. The students will have the 
capability of developing active learning and improving their 
knowledge level, while at the same time motivation will be 
provided from the teacher as well as the interconnected 
interactive technology itself, thus contributing to the overall 
improvement of their educational and technological training 
level. Moreover, the students, being part of this virtual smart 
interactive classroom will gain better understanding of the 
concepts presented in the courses and develop useful skills and 
abilities of solving complex problems. The appliance of the 
proposed architecture in every school in first and second grade 
education will have a significant impact as it will improve 
education quality with long-term benefits in the educational 
level and the scientific training of young scientists.  

II. LITERATURE REVIEW 

For the purpose of this work we count on previous 
literature works which has been published in the related field. 
The following paragraphs present the papers which 
contributed significantly in our study.  

In [1] the authors survey BD and CC technology and their 
basic characteristics, with a focus on the security and privacy 
issues of both technologies. Particularly, the authors try to 
combine the functionality of the two technologies with the aim 
to examine the frequent features, and also to discover the 
benefits related in security issues of their integration. 

Additionally, this work presents a new method of an algorithm 
that can be used for the purpose of improving Cloud 
Computing’s security through the use of algorithms that can 
provide more privacy in the data related to BD technology. 

The [3] presents a survey of IoT and Cloud Computing 
with a focus on the security issues of both technologies. More 
specifically, the authors try to combine these two technologies 
with the aim to examine the common features, and in order to 
discover the benefits of their integration. Through this work, it 
is shown how the Cloud Computing technology improves the 
function of the IoT. 

The [4] presents related work on High-Efficiency Video 
Coding. It points out the challenges and the synchronization 
techniques that have been proposed for synchronizing video 
and haptic data. Resulting, the [4] proposes a new efficient 
algorithm for transferring a real-time HEVC stream with 
haptic data through the Internet. 

The authors of [9] try to attempt the evaluation of an 
educational scenario, where the implementation of which is 
based on Cloud Computing tools that serve collaborative 
learning. The aim of the collaborative activities of the script is 
to understand and consolidate the usefulness of the criteria that 
make an educational video appropriate or not, for its 
introduction into the educational process. 

The [14] describes the use of data mining techniques, such 
as clustering, classification, and association, in order to 
analyze the log file of an e-Learning platform and deduce 
useful conclusions. Also, a case study based on a previous 
approach was applied to e-Learning data from a Greek 
University.  

III. ISIIC HIGH LEVEL SYSTEM ARCHITECTURE 

The authors propose a novel system architecture over a 
virtual reality world (realm) and define the services that will 
support user-real interaction. This virtual architecture will 
support a virtual lab environment and it is called as Smart 
Interconnected Interactive Class (SIIC). The main objective of 
the proposition is to enhance learning process out of the class 
boundaries, supporting user sense transfer, and distant 
interaction. Smart Interconnected Interactive Classroom is 
consisted of the following structural parts: a) Interactive 
interface workstations, equipped with Haptic equipment and 
sensors The architecture of each interactive interface 
workstation that comprises the interactive class user stations is 
illustrated at Figure 1.  



 

Fig. 1. Student interface system-workstation architecture of a 

workbench providing enhanced and interactive virtual reality 

capabilities. 

The practical implementation of such an interconnected 
environment can be realized with the direct-real-time 
networking capabilities enforcement among the instructor and 
the workstations equipped sensor-actuator devices (human 
machine interfaces) of his students. This requires the 
implementation of appropriate interactive and real-time 
protocols either at application level (for each of the 
aforementioned services separately) or at the interoperability 
of sensor systems and data transfer in the Learning 
Management System (LMS) [4, 17]. 

The proposed SIIC architecture will be comprised of the 
following: 1) a cloud computing server LMS (Learning 
Management System) which acquires periodically and real-
time data streams of users, actuators and sensors, stored from 
a set of tactile devices and equipment inter-connected via a 
local wireless network. [15], 2) For the haptic devices data 
handling, appropriate  application/data transfer protocols will 
be designed and implemented according to [4, 7, 12, 17] 3). 
Computer devices, haptic devices [11], virtual and augmented 
reality headsets, and student sensors will be installed in the 
proposed classroom in to each one workstation entity, where 
the testing of protocols and human-machine interoperability 
with the virtual world will be performed. A very promising 
scientific field is that of providing feedback which could 
significantly enhance quality of services based on the fact that 
future data requirements may be previously estimated based 
on frequently appearing patterns. The benefit is two-fold: the 
future network data processing could be considerably 
improved based on the “memory” of the whole system and 
energy efficiency particularly concerning sensor limited 
battery-life could be achieved if prediction is performed off-
line. 

The instructor will also have online access to the modified 
LMS system and equipped with virtual course capabilities and 
interfaces with the virtual class. The modified product will be 
named as LMS system of Virtual Context (LMSVC), where 
user sensory data will be stored in real time or interactively 
during the course. In front of the LMSVC system a balancing 
controller shall be used [16] that will monitor user interaction, 
besides the data usage of the devices, sensors and actuators 
data that will be available for data mining and knowledge 

extraction. The LMSVC will offer the virtual creation and the 
previously mentioned interactive real-time virtual services, as 
well as the capabilities of conventional 2D-LMS systems, such 
as virtual Documents, virtual announcements, virtual self-
evaluation virtual exercises, virtual works and questionnaires, 
forum wiki, etc. 

These services of conventional LMS systems will be 
provided offline and distant (without the requirement of 
course conduction in the interactive class), in the virtual 
learning world where the student with the virtual reality 
headset can be connected to the LMS Virtual Balancer [16], 
download documents through his/her tablet, computer and 
assess LMS system services in a 3D visual sense [20]. The 
LMS application virtual services and data transfer protocols 
enclosed, as well as the pilot headset application that will 
interface the student to the LMSVC system will be 
implemented within the framework of the project. 

The SIIC system will enable pupils to approach the scenes 
of the modern virtual educational process and to get in touch 
with modern supervisory tools. The social impact of SIIC will 
be particularly important, as First and Secondary Education 
will have access either to a physical presence or to the Internet 
in this experimental class. Students will understand through 
empirical learning, with the help of augmented reality. All 
students' interaction with the system will be recorded and new 
teaching methods will emerge through the study of such 
behavior. 

IV. SERVICES OF THE SMART INTERCONNECTED INTERACTIVE 

CLASSROOM 

The authors proposed virtual services to be tested and 
implemented within SIIC apart from existing synchronous and 
asynchronous services are the following: 

1. Virtual classroom service. This service will enable 
the student to immerse in an interactive three dimensional 
environment of the class from artificial virtual imaging 
projected by the LMS system to the end user using 3D virtual 
reality equipment (VR-Box, VR-Glasses). The interaction 
between the user members (avatars) of this virtual class will 
be carried out from the real world to the virtual world through 
the use of tactile-haptic devices and appropriate 3D modeling 
and presentation layers. The network protocols that will 
support this service and the virtual illustration of existing LMS 
modules are the standard best-effort HTTP-TCP protocols  for 
connection oriented services, UDP protocols for text and 
messaging services and RTP-RTCP protocols as well as 
experimental ones for HEVC streaming services [7, 4]. 

2. Cognitive Service and Augmented sensory 
services. Augmented reality service will utilize sensors for 
monitoring user body activity and bio-readings [17]. Such 
readings will be transferred to the virtual world and will be 
illustrated to the virtual class and virtual user navigation 
among the virtual class facilities-LMS components 
(augmented-sense service).  Energy conservation is a crucial 
optimization parameter for the wireless sensor as stated 
previously. Based on the authors’ claim that this smart 
interactive classroom is built with state-of-the-art components 
and operations the sensors could benefit from energy 



harvesting methods which involve collecting energy from 
neighboring networks. Although this could prove costly it will 
prolong sensor life-time. 

Augmented reality service will also provide in real time 
via EMG sensors, temperature sensors, sweat sensors, 
augmented information of the student's mental and 
psychological state. By using sensory data and implementing 
artificial intelligent  and data mining algorithms with 
appropriate pattern profiles, can offer measurements of user 
mood indication and user level of course understanding. Such 
capabilities are part of the proposed cognitive service that will 
enable adequate supportive information like whether the 
student is interested, or understands the delivered content of 
the virtual lesson or if the user is not in a disordered attention 
state along with the user’s current perception and course 
interest [8]. Also this cognitive service real-time reporting can 
be recorded and used as feedback by other student-course 
evaluation services [14]. Augmented reality and cognitive 
services will use protocols that offer asynchronous 
communications in the context of request and response such as 
the CoAP protocol. In cases of sensor measurements of 
periodic synchronous transmissions the MQTT protocol will 
be used. In addition, experimental protocols for periodic and 
asynchronous IoT devices, proposed by the authors for 
medical services will replace CoAP and MQTT as more 
efficient [1, 2, 3, 17].   

3. Positioning service. This service will control the 
student's current position within the virtual class in contrast to 
its real-class indoor position. For the process of indoor 
positioning, a set of Wi-Fi / BLE transceivers (iBeacons) – 
will be used with the implementation of location-positioning 
algorithms in the LMS system that will provide the exact 
position-placement of the student inside the classroom 
projected to the virtual world. Positioning service will use two 
different types of protocols for data delivery of movements to 
the virtual world. Using a periodic synchronous protocol with 
no ACK feedback such as UDP for carrying little motion 
information and a high resolution stream protocol such as RTP 
accurate positioning due to collaborative activities is required 
[9, 17].  

4. Touch interaction service-Haptic service. This 
service will provide the ability to visualize the sense of touch 
in the virtual world and experience the virtual touch of others 
in the real world. This service will be experimentally tested 
with the use of specially designed gloves equipped with 
appropriate analogue pressure sensors and infrared 
transceivers. This service will be used to interact with the 
classroom of visually impaired people as well as to enhance 
users’ experience through the sense of touch. This service will 
use low latency, better than best effort streaming protocols of 
high priority and feedback control [11, 12]. 

5. 3-dimensional design and modeling service. This 
service will enable the student to have his own virtual 
workshop where he can use object-oriented toolboxes to 
design objects. This service will enable the student through a 
3d-scanner to transfer via scanning, matter of the real world in 
the ideal while using 3D printers to implement constructions 
of the ideal world [18]. 

6. Virtual reality recording service. This LMS service 
will provide audiovisual recording of the virtual classroom 
and classroom interactions using 3d user model avatars. Part 
of the virtual reality recording service is the On-demand 
playback holographic service of virtual reality context. This 
LMS service will offer on-demand content and 3d user actions 
either in the real or virtual world, by showing a past virtual 
reality recorded session. Part of the recording service, will also 
be the 3D avatar creation component and the 3D lab 
presentation module that will be used to project the virtual 
world to an external user by using projection equipment [18, 
19]. 

8. Virtual course student assessment service. This 
service will use intelligent algorithms developed by this 
project as well as clustering-classification techniques upon 
sensory and haptic data of virtual class, or visual information 
recordings, in order to evaluate the response and overall 
performance of students in that class. The same service will be 
responsible for the delivery of course self-evaluations and 
overall student evaluation reports [13, 14]. 

Within the framework of the proposed interactive class, the 
teacher will be able to connect and interact through their 
students' laptops, tablets, mobile phones and interconnected 
sensors in an isolated and secure network. Table I summarizes 
the proposed virtual class services and protocols assigned per 
each service class. 

Additionally, students will also be able to interact with 
each other in a virtual course and exchange information during 
that virtual course. The proposed system and implemented 
protocols will deliver a virtual classroom and real-to-virtual 
interaction, in which multiple interconnected new technologies 
will be securely integrated and the services protocols involved 
as specified per service will provide best effort deliveries, low 
complexity and high scalability. 

TABLE I.  PROPOSED SIIC SERVICES AND 

PROTOCOLS UTILISED PER SERVICE SUMMARY TABLE 

SIIC service Delivery 

Requirements 

Protocols  

used 

Virtual Class service Virtual class 3D 

context- real-time 

Chat services –
connectionless over 

HTTP or UDP 

LMS asynchronous 
components – 

connection oriented 

over HTTP 
LMS streams-

synchronous 

components over 
RTP or HTTP 

HTTP – TCP 

UDP 

RTP-RTCP 
NAFCA [4] 

Cognitive Service and 

Augmented sensory 

services 

Asynchronous 

unreliable 
Asynchronous 

reliable 

Periodic unreliable 
Periodic reliable 

SNMP-UDP 

CoAP 
MQTT 

MESETP [17] 

 

Positioning service Differentiated- 

reliable stream, 
unreliable periodic 

UDP 

RTP 
MESETP [17] 



according to control 

feedback 

Haptic service Little payload, high 

priority, low jitter, 

low latency protocol 

with feedback 

A proposition have 

been made by 

authors of [11], 

[12], for a 
synchronous  

protocol  that 

modifies its 
payload and 

measurements 

sensitivity 
according to 

network conditions 

 

V. IMPLEMENTATION PLAN 

Our research has two key tools for verifying the reliability 
of the results and the progress of the research project. The first 
and fundamental tool for verifying the reliability of the results 
from our research as well as the progress made by the research 
team will be internal quality control. The internal quality 
control will be the main responsibility of the research team 
and will be carried out mainly by the Scientific Director of the 
Research, as well as by the collaborating institutions that will 
contribute to the realization of the specific project. The second 
and "final" tool, as could be described, is a tool for verifying 
the reliability of the results and the progress of the project is 
the external quality control, which will be carried out by the 
collaborators who can access the educational environments 
and implement "pieces" of the progressive development of the 
project. 

Regarding hardware implementation and computing power 
along with computational burden, the integration of the 
aforementioned wireless technologies must be adjusted to 
constructing an indoor wifi Local Area Network consisted of 
its essential parts: a wireless network adapter, a wireless router 
with access points spread across the rooms of the building that 
facilitates the smart classrooms, proper types of antennas for 
indoor applications and multiple relays that aim to amplify the 
propagating signal to reach its destination with sufficient 
power.  

The network adapter aims to improve network 
performance. The router accompanied by wireless protocols 
such as 802.11ac is an essential part. Wireless antennas 
increase the network coverage, while repeaters ensure 
successful file delivery. 

A final remark concerning computational power efficient 
software solutions must be used together with hardware able 
to gather, compress and process data with the minimum 
computation power and burden. 

VI. CONCLUSION AND FUTURE WORK 

The key to achieving this proposal is the ability to develop 
an evolutionary study, since it will be possible to test what 
benefits a modern and interactive class can offer, with the 
specific characteristics and the specific mode of study, in 
teaching, with the help of specialized associates and team 
members. Thus, we will be able to contribute in the 

improvement of the modern educational process, taking into 
account real scenarios and studies. In this way, we will be 
given the opportunity to gradually improve the final 
deliverable as it will be used in real learning conditions. 
Furthermore, as a case study for the future work of this project  
will be a smart-interactive laboratory-class and an educational 
software that can be used in more than one language. The 
statements above together with the following two paragraphs 
provide the straightforward benefits of applying the proposed 
technology. 

The proposed SIIC system virtual services and protocols is 
an authors ongoing research project eligible for funding at 
ELIDEK (Hellenic Foundation for Research & Innovation) 
p.III.   

This proposal will help pupils to come closer to the 
scenarios of the modern educational process and to come up 
with modern supervisory tools. Additionally, because of the 
"special" nature and laboratory equipment will be given the 
possibility for remote access to augmented - virtual reality 
[18-20] by educational institutions all over the world. In this 
proposed system architecture, there will be a plethora of 
educational tools/experiments that will use the augmented 
virtual reality to maximize the learning outcomes. Thus, 
schools of primary and secondary education will be able to 
connect to the augmented reality lab via the Internet from their 
school's computer labs with the help of their teachers, by the 
use of our propose system architecture.  

The social impact of our proposal will be particularly 
important, as all schools in Primary and Secondary Education 
will be able to access either physically or online in this 
experimental laboratory-class. Also, knowledge will not only 
be acquired through the traditional teacher-centered way of 
teaching, but emphasis will be placed on experiential learning 
based on the modern equipment of the laboratory. In an 
educational learning scenario that we will deal with, a 
proactive role in experiential learning will be given to the 
sense of touch, using haptic devices [11], along with the sense 
of hearing and vision. All students' interaction with the system 
will be recorded and new teaching methods will emerge 
through the study of these behaviors. 
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